The Space Congress® Proceedings

1971 (8th) Vol. 2 Technology Today And
Tomorrow

Apr 1st, 8:00 AM

Arrestment Considerations for the Space Shuttle
Richard V. Parker
Manager, Catapult and Arresting Gear

Follow this and additional works at: https://commons.erau.edu/space-congress-proceedings

Scholarly Commons Citation
Parker, Richard V., "Arrestment Considerations for the Space Shuttle" (1971). The Space Congress®
Proceedings. 1.
https://commons.erau.edu/space-congress-proceedings/proceedings-1971-8th-v2/session-7/1

This Event is brought to you for free and open access by
the Conferences at Scholarly Commons. It has been
accepted for inclusion in The Space Congress®
Proceedings by an authorized administrator of Scholarly
Commons. For more information, please contact
commons@erau.edu.

ARRESTMENT CONSIDERATIONS
FOR THE SPACE SHUTTLE

For Presentation To
THE EIGHTH SPACE CONGRESS
April, 1971

Richard V. Parker
Manager, Catapult and
Arresting Gear

COMPANY
ALL AMERICAN ENGINEERING
WILMINGTON, DELAWARE

7-69

ALL AMERICAN ENGINEERING COMPANY
WILMINGTON, DELAWARE

ARRESTMENT CONSIDERATIONS FOR THE SPACE SHUTTLE
INTRODUCTION
Now that aerospace technology has come full circle from aircraft that flew
long before any thought of space flight, through space vehicles that could never
be mistaken for aircraft, and now back to space vehicles that must also fly as
conventional aircraft, it is appropriate to look at a rarely considered, but
potentially disastrous, phase of aircraft operations: the overrun accident. That
simple fact is that so long as aircraft continue to land on runways, occasionally
one will fail to stop within the available distance.

Without proper protection,
this event can range in import from a red-faced pilot, through fractured landing

gear and wrinkled skin, to total destruction.
The discussion which follows will review briefly the history and development
of arrested landing, introduce existing equipment capable of arresting either component of the space shuttle, and present some thoughts on how best to adapt these
space vehicles to overrun protection by emergency arrestment.
BACKGROUND
To most people, arresting gears and arrested landings immediately connote
an aircraft carrier, and a pilot strapped in for all he r s worth to resist the high
loads of what some people have labeled a "frightful arrival. lf This is only a part
of the story. Let us review briefly the last 60 years of aircraft arrestments.
In 1911 a young Navy lieutenant named Ely Landed his crude biplane aboard
the USS Langley.

On touchdown, a hook trailing below the aircraft engaged a cable

stretched across the deck, attached at each end to some bags of sand.

The energy
of the aircraft was transferred into the sandbags until the whole combination came
to rest. The world's first arrested landing had become history.
By World War II, arrested carrier landings were routine and every carrier
based aircraft had a tailhook as its primary engaging device.
of engagement had been introduced*
the landing zone but behind

But a second means

A steel barricade net was erected ahead of

aircraft parked on the forward portion of the deck.
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arrestment has become an accepted and welcome technique with most of the
Free World's military air arms.
Application of arrestment techniques to civil aviation was also explored.
Under an FAA contract in I960, All American Engineering Company built and
tested a linear hydraulic arresting gear capable of arresting a civil transport
weighing 350, 000 pounds from 130 knots in 1,750 feet.

A hook-equipped Boeing

720 was arrested in manned tests,
Modification of the world's civil transport fleet for tailhooks was considered
to be impractical so alternate engaging

means were explored.

Following earlier

development work in France of an all nylon net big enough to completely envelop
the wings of a 4-engine jet transport, a full size system was recently demonstrated
with support from the French Air Ministry, the French net manufacturer Aerazur
Constructions Aeronautique, the FAA, and USAF.

Tests were run last November

and December in which a B-5Z bomber weighing 305, 000 pounds was arrested from
115 knots in l,200feet by an All American Model 64 rotary hydraulic "Water
R
and the Aerazur net.

Twister"

Figure 1 shows the aircraft just prior to wing engagement of the net.
THE MODEL 64 ENERGY ABSORBER SYSTEM
The Model 64 is the largest of a family of rotary hydraulic energy absorbers
whose configuration is shown in Figure 2 and whose principle of operation is
described below.
The Water Twister is an energy absorbing water brake that converts kinetic
energy to heat through fluid turbulence.

Physically, the energy absorber consists

of a fluid filled steel casing which houses a vaned centrifugal rotor and opposing
stator vanes.
The rotor is mounted on a shaft which extends out of the top of the casing.
A storage reel for a nylon tape or purchase element is attached to the top end
of the rotor shaft.
wrap.

Nylon tape is wound onto this storage reel forming a spiral

A Water Twister is installed on either side of the runway and the two

nylon tapes are then joined by a nylon net stretched across the runway.

For air-

craft equipped with tailhooks, the nylon net is replaced by a wire pendant.
R

Registered Trade Mark
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Figure 5 is a composite performance chart for the Model 64 showing
capability for weights up to 400, 000 pounds and speeds up to 160 knots.

Consideration

of these values shows that the Model 64 as it now exists can arrest the Orbiter
from any reasonably anticipated overrun speed.
In selecting the capacity of the Model 64, full recognition was taken of
the supersonics and the jumbos.

There exists a limit to the weight range which

can be reasonably handled with a given energy absorber.

With low G tolerance

vehicles, weight ratios of 4:1 maximum to minimum can be accommodated
comfortably.

Beyond this, the sheer mass of the system required to arrest the

maximum weight/speed vehicle will cause excessive loads on the lightweight
vehicle during engagement and initial system acceleration.

For this reason,

a single Model 64 is intended for use with aircraft of 707, DC-8 size or smaller.
For the outsize aircraft such as the 747 or SST, a tandem system is used.
Performance of this combination can be read from Figure 5 by doubling the
aircraft weight scale and the values of the constant retarding force lines.
lines defining nG fl do not change.

The

This tandem approach was further supported

by the economic advantage of having a fully defined system (the single one)
available for those airports which would not be faced with outsize aircraft
operations.

Only those fields anticipating the jumbos or supersonics need

install the tandem system.

Selective erection of one or two nets would be made

to suit the aircraft requiring arrestment.

Until a barrier engagement is required,

all nets are below runway surface; erection requires less than two seconds.
The same dual Model 64 has ample capacity to arrest the Space Shuttle
Booster at any projected weight up to 800,000 pounds.
SPACE SHUTTLE ADAPTATION
In the discussions above, three engagement methods have been disclosed:
1.

Tailhook/cable

2.

Net

3.

Landing gear/cable

Any of these could be adapted to the Space Shuttle but each has its
advantages and disadvantages.
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from the outset, this level should be easily achievable.

With hooks on both

vehicles and a dual Model 64, single system engagements can be made by the
Orbiter and for Booster landings, both pairs of energy absorbers can be
coupled to a single cross runway cable.

This method of doubling system

capacity has been successfully tested by the U. S. Air Force and All American
Engineering Company.
SUMMARY
The potential for an overrun of one of the Space Shuttle vehicles exists.
The art of arresting an aircraft on a runway is highly developed and equipment
now exists which is capable of arresting either the Orbiter and the Booster
portions of the Space Shuttle,

Tailhook arrestment could be readily provided

for and might well prevent the needless destruction of a very expensive space
vehicle.

An evaluation of the merits of overrun arrestment should be a part of

the system planning effort.
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Figure 3

Pendant Configuration

Alternate Net Configuration

Figure 2

Runway Operations
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